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5,114,343 
1. 

RESLIENT SUPPORT STRUCTURE 

BACKGROUND OF THE INVENTION 

This invention relates to an improved dental support 
structure for crown restoration used in conjunction 
with a dental implant when the tooth root is no longer 
present in the patient's gum. 
Our prior U.S. Pat. No. 4,480,997 disclosed a new 

dental post that was adapted for thread cutting insertion 
into a tooth root. The invention of that patent divided 
the stem of the dental post into a plurality of legs move 
able relative to each other. When inserted, the dental 
post was rigidly affixed to the tooth by screwing and/or 
using an adhesive. Such an implant was suitable where 
the tooth root was intact in the gum. 
Where the tooth root is not present it has been cus 

tomary to employ an implant which is fixed in relation 
to the jaw bone or has only the limited amount of mo 
tion which the implant experiences. It has also been 
known to provide some resiliency to the implant to 
prevent fractures of the implant or lysis of the retaining 
portion of the jawbone. For example, U.S. Pat. No. 
4,793,808 employed a support structure that was itself 
elastomeric. U.S. Pat. No. 3,863,344 also disclosed an 
implantable dental support surrounded by an elastic 
material for cushioning on its sides. It included a stain 
less steel pin within an elastomeric envelope and resting 
on an elastomeric base, all within a textile sleeve. This 
reduced the pressure on the bone of the jaw to reduce 
lysis, but was not specifically designed to provide the 
degree of motion simulating the motion of a natural 
tooth. 

U.S. Pat. No. 4,731,085 disclosed an enossal implant 
made of fragile thin walled alumina ceramics for inser 
tion in a jawbone. The implant was designed with a 
complex internal structure to cushion the torques that 
could fracture the thin walls and brittle structures of the 
implant. It provided, in each of several embodiments, a 
series of elastomeric sleeves surrounding a central cylin 
der so that sidewise, i.e., lateral torques were cushioned. 
A complex structure involving close fitting sleeves and 
machined surfaces allowed some translational motion 
limited in such a way as to reduce strain. The elastic 
structures were not designed to provide the feel of a 
natural tooth, but rather to shift the fulcrum of motion 
to predetermined locations as compression increased, in 
order to control torques. 
The present invention provides the advantage of 

toothlike degrees of freedom without the complexity of 
the prior art by providing an essentially unrestrained off 
axis movement of the dental support structure within 
the implant and locating the elastic medium at an ex 
tremity of the support structure. 

BRIEF DESCRIPTION 

The present invention uses an implant which contains 
a dental support structure that is resiliently moveable 
with respect to the portion of the implant that contacts 
the gun in a manner simulating a natural tooth. This 
allows a limited degree of controlled movement of the 
anchoring portion of a dental support structure (i.e. the 
portion to which the restored crown is attached) when 
the patient bites down upon the restored crown. The 
result is a more normal feel of the restored tooth to the 
patient. Furthermore the durability of the implant and 
crown is improved when the attached crown is not 
immovably connected to the patient's jaw, but has a 
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certain amount of give which is controllable by the 
patient's bite. The design allows greater thickness to the 
support structure than in the prior art where diameters 
had to be reduced to allow for the insertion of cushion 
ing material. The result is a dental support structure that 
is optimized for patient comfort while providing suffi 
cient durability. 

Natural tooth roots are attached to the gum by ana 
tomic structures that make up the periodontal ligament. 
These structures control the forces that are transmitted 
from the teeth to the supporting bone. This periodontal 
ligament is a dense connective tissue which mediates 
between the root and the alveolar bone. It has a width 
which ranges from 0.15 to 0.38 mm and which varies in 
response to occlusal loading. Dentoalveolar fiber bun 
dles occupy most of the periodontal ligament volume. 
The structure of these bundles is quite complex with the 
fiber bundles arranged into networks having complex 
three-dimensional overlapping configurations. During 
mastication the teeth contact and engage in a substantial 
amount of lateral gliding contact that produces both 
axial and horizontal loads. Because of the periodontal 
ligament this results in tooth movement in all directions. 
The relationship between the force exerted on a tooth 

and its displacement is nonlinear, but has been described 
as a continuous curve made up of three linear compo 
nents, Muhlemann, H. R. Periodontometry: A method 
for measuring tooth mobility. Oral Surg. 4:1220, 1951, 
as well as by more complex logarithmic functions. The 
threefold linearity allows an intial relatively free phase 
followed by progressively less mobile phases. The break 
points, i.e., the points at which the scope of the curve 
changes suddenly are at about 1.ON and 15.0N. 
Teeth normally have the ability to move and such 

movement is important in allowing the discrimination 
of size, shape, texture and hardness of objects being 
bitten. In addition, the sensation of tooth movement 
allows the biter to assess whether furthur pressure is 
likely to injure the tooth or jaw, and to avoid the painful 
consequences of biting too forcefully on a hard object It 
is important to have resiliency that not merely protects 
the integrity of the implant, but allows the feel of a 
normal tooth. m 

The present invention provides a simple dental sup 
port structure for use in a dental implant. The structure 
is simple to manufacture and comprises a cylindrical 
stem having an axis which is moveable against an axially 
directed resisting force within a guide to provide a 
prophilactic crown attached to the stem with a degree 
of movement like that of a natural tooth crown. As a 
result the prophilactic crown does not have an artifi 
cially rigid or fixed relation to the jaw and approximates 
the movement that a natural tooth is capable of, with 
some of the attendant advantages discussed above for 
normal teeth. 

It is an object of the present invention to provide a 
dental support structure mechanism with few internal 
parts for insertion into an implant comprising a stem 
moveable within a guide in such a manner that the 
artificial crown has a freedom of motion resembling that 
of the crown of a natural tooth which is resisted by an 
elastic force which is predominately directed upward . 
along the axis of the stem. 

It is a further object of the present invention to pro 
vide a dental support structure for insertion into rigid 
engagement with an implant in a jaw, the implant hav 
ing internal walls adapted to retain the dental support 
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structure, the dental support structure comprising a 
cylindrical stem having at one end an anchoring portion 
for an artificial crown, said stem located within a hol 
low cylindrical guide in said support structure, said 
stem adapted to closely fit the internal cylindrical walls 5 
of the guide, the dental support structure guide retain 
ing the dental post stem in a captured moveable engage 
ment along an axis in opposition to an elastic force along 
the axis of the stem. 
The above description, as well as further objects, 10 

features and advantages of the present invention, will be 
more fully appreciated by reference to the following 
detailed description of a presently preferred, but none 
theless illustrative, embodiment in accordance with the 
present invention when taken in conjunction with the 15 
accompanying drawings wherein: 

FIG. 1 is a cut-away view of the dental support struc 
ture of the present invention. 

FIG. 2 is a cut-away drawing of the dental support 
structure stem at maximum off axis displacement. 20 

FIG. 3 is a further embodiment of the invention utiliz 
ing a elastomeric cap. 
DETALED DESCRIPTION OF A PREFERRED 

EMBODIMENT 

As shown in FIG. 1, a dental support structure 1 is 
shown which is intended for insertion into a hollow 
implant 3 in a patient's jaw 5. The support structure has 
a cylindrical stem 7 comprising an anchoring portion 9 
to which an artificial crown 11 may be attached. The 30 
implant 3 is designed for implantation into the jaw 5 and 
may have internal screw threads 13 to engage corre 
sponding threads 15 on the exterior surface of the sup 
port structure. The support structure may have grooves 
or some other irregularity at its top end 17 to permit it 35 
to be grasped by a wrench and tightened during inser 
tion into the implant. The entire apparatus has a circular 
cross-section when seen from a top view (not shown). 
The dental support structure comprises a cylindrical 

structure having a bore, and referred to as a guide 25 40 
which slidably guides the stem 7 permitting motion 
along the longitudinal axis 19 of the guide. The stem's 
outside diameter is slightly less than the internal diame 
ter of the guide by approximately 0.1 mm to allow the 
longitudinal axis of the stem to move to positions not 45 
parallel to the longitudinal axis of the guide. (See FIG. 
2). 
The stem has an indentation 21 which engages a cor 

responding boss 23 of the guide. This provides a stop 
which permits axial motion of about 0.1 mm of the stem 50 
relative to the guide. The stem may have a split 29 along . 
part of its length to allow it to flex during insertion of 
the boss into the indentation. See, for example, FIG. 3. 
This motion along the axial direction is intended to 
simulate the motion of a natural tooth crown. A pres- 55 
sure exerting means 27 is located within the guide 25. 
An o-ring 31 is used to prevent the entrance of fluids 
into the space between the stem and the guide. 
The pressure exerting means 27 may constitute a 

spring or a series of springs or any substances which are 60 
elastic, and may be, under suitable conditions, either a 
biologically safe plastic or rubber. 
The effect of a series of springs or other elastic media 

obeying Hookes' law is the same as a single spring until 
the limit of compression of one element of the series is 65 
reached. At that point, the spring constant suddenly 
changes to a higher value. This resembles the situation 
with natural teeth where there are so-called "break' 

25 

4. 
regions, i.e., regions where the compressibility of the 
structures holding the tooth. This may be understood as 
follows for a series of springs having force constants K1, 
. . . Kn, displacements X1, . . . Xn, and an overall dis 
placement Y=X1+X2+. . . --X. The Hookes' law 
potential energy stored in such a system by virtue of the 
compression of the system is 

v=x KiX 

where force balance requires for each i 

KiXi=Ki-1 Xi 

Thus 

K 
= Ki 

and Y=Y=KiX/Ke where 1Ke=X 1Ki. Hence, 

K; K12 Y2 V - x - - - 
2 K2 

O 

Thus the system acts as if it had a single spring with 
an effective spring constant Ke and total displacement 
Y. As each spring "bottoms out' Ki= oo, and its contri 
bution to the sum of values which equals Kesuddenly 
becomes zero. Using the relation like=X 1/Ki it is 
straightforward to select the spring constants that will 
give the desired elasticity and breaks. The preferred 
values should be chosen so that a force of at least 100 
pounds and perhaps as much as 400-500 pounds is re 
quired to fully compress the resilient material. 
Although depicted as a spring located below the 

bottommost surface of the stem, the spring may extend 
into a secondary bore (not shown) in the stem. The 
pressure exerting means may also comprise a pin which 
bears against the stem. The stem preferably has a large 
diameter for structural strength, being narrow enough 
to permit the desired off axis tilt. 
As shown in FIG.3 an elastomeric cap 27 is provided 

as the pressure exerting means at an extremity of the 
stem in place of a spring or series of springs. The cap 
may have a layered structure, where each layer has a 
different compression modulus. 

Further embodiments of the pressure exerting mecha 
nism and its relation to the moveable parts of the dental 
support structure will be known to persons of skill in the 
spring pin art. 
When implanted in the patient, the device of the 

present invention has the advantage that the patient 
feels motion of the crown in a manner which is similar 
to the feel of natural live teeth. The device is particu 
larly suitable for use with dental implants which are set 
directly into the jawbone and do not have the benefit of 
the natural tooth root to hold the dental support struc 
ture In this case, the motion which simulates the situa 
tion with actual teeth permits the chewer to sense un 
usual resistance of objects being bitten into and there 
fore helps in preventing injury to the jaw and tooth 
COW, 
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While there have been shown, described and pointed 
out the fundamental novel features of the invention as 
applied to the preferred embodiments thereof, it will be 
understood that various omissions and substitutions and 
changes in the form and details of the device illustrated 
and in its operation may be made by those skilled in the 
art without departing from the spirit of the invention. It 
is the intention, therefore, to be limited only as indicated 
by the claims defining the scope of the present inven 
tion. 
What is claimed is: 
1. A dental support structure for insertion into en 

gagement with an implant in a jaw, the implant having 
internal walls adapted to retain said dental support 
structure mechanism, said dental support structure 
mechanism comprising 

a cylindrical stem having a stem axis and having at 
one end an anchoring portion for an artificial 
CrOWn, 

a cylindrical dental support structure guide having a 
guide axis adapted to be retained by the internal 
walls of the implant, said dental support structure 
guide slidably retaining said sten in an engagement 
moveable along an axis and capable of uncon 
strained motion of the axis of said stem with respect 
to said guide axis, 

pressure exerting means within said dental support 
structure guide at an extremity thereof, wherein 
said stem is capable of axial motions along said 
guide axis and wherein said pressure exerting 
means applies a force opposing the motion of said 
post stem in one direction along said guide axis, and 

wherein said notion of the axis simulates the motion 
of the axis of a natural tooth, 

said dental support structure guide having an internal 
groove engaging a boss in said dental post stem to 
stop the motion of said stem axis relative to said 
guide axis at a predetermined distance along said 
guide axis, 

said pressure exerting means having a spring means 
disposed within said dental support structure guide 
and comprising a plurality of elastomeric materials 
having different effective spring constants. 

2. A dental support structure for insertion into en 
gagement with an implant in a jaw, the implant having 
internal walls adapted to retain said dental support 
structure mechanism, said dental support structure 
mechanism comprising 
a cylindrical stem having a stem axis and having at 
one end an anchoring portion for an artificial 
CrOWn, 

a cylindrical dental support structure guide having a 
guide axis adapted to be retained by the internal 
walls of the implant, said dental support structure 
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6 
guide slidably retaining said stem in an engagement 
movable along an axis and capable of uncon 
strained motion of the axis of said stem with respect 
to said guide axis, 

pressure exerting means within said dental support 
structure guide at an extremity thereof, wherein 
said stem is capable of axial motions along said 
guide axis and wherein said pressure exerting 
means applies a force opposing the motion of said 
post stem in one direction along said guide axis, 

said dental support structure guide having an internal 
groove engaging a boss in said dental post stem to 
stop the motion of said stem axis relative to said 
guide axis at a predetermined distance along said 
guide axis, 

wherein said pressure exerting means is a spring 
means disposed within said dental support struc 
ture guide, said spring means comprising a plurality 
of elastomeric materials having different effective 
spring constants. 

3. A dental support structure for insertion into en 
gagement with an implant in a jaw, the implant having 
internal walls adapted to retain said dental support 
structure mechanism, said dental support structure 
mechanism comprising 

a cylindrical stem having a stem axis and having at 
one end an anchoring portion for an artificial 
COWn, 

a cylindrical dental support structure guide having a 
guide axis adapted to be retained by the internal 
walls of the implant, said dental support structure 
guide slidably retaining said stem in an engagement 
moveable along an axis and capable of uncon 
strained motion of the axis of said stem with respect 
to said guide axis, 

pressure exerting means within said dental support 
structure guide at an extremity thereof, wherein 
said stem is capable of axial motions along said 
guide axis and wherein said pressure exerting 
means applies a force opposing the motion of said 
post stem in one direction along said guide axis, and 
wherein said motion of the axis simulates the no 
tion of the axis of a natural tooth, 

said dental support structure guide having an internal 
groove engaging a boss in said dental post stem to 
stop the motion of said stem axis relative to said 
guide axis at a predetermined distance along said 
guide axis, 

said dental post stem comprising a slit along a portion 
of its length to enable said boss to move relative to 
said axis during assembly of said boss into said 
internal groove. 
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